frequently observed with a prevalence ranging from 6% to 47%. [3] [4] [5] [6] [7] [8] [9] [10] EIMs considerably affect morbidity and mortality in patients with IBD. 11, 12 EIMs mostly affect joints (peripheral arthritis, axial arthropathy [AS]), the skin (erythema nodosum [EN] , pyoderma gangrenosum [PG] ), the eyes (uveitis), and the hepatobiliary tract (primary sclerosing cholangitis [PSC] ). Although some EIMs are associated with IBD activity such as type 1 arthritis or EN, other EIMs such as PG, AS, uveitis, PSC, or type 2 arthritis do not parallel intestinal disease activity. 10, [13] [14] [15] [16] Although different EIMs tend to cluster in up to one quarter of EIM-affected patients, suggesting a common pathogenic link, little is known about their underlying pathomechanisms. 11, 17 However, both intestinal and extraintestinal IBD manifestations are believed to share tumor necrosis factor (TNF)-dependent mechanisms. 18 There is limited evidence regarding the efficacy of particular EIM treatments. This lack of good evidence is probably related to the difficulty of analyzing EIM treatments in a cross-sectional manner as only a few patients will suffer from EIM at the time of study enrollment. 18 Although introduction of biologics considerably changed the management of EIM in IBD, there are only few and small studies supporting evidence for the efficacy of anti-TNF: Infliximab may be efficacious in cutaneous, ocular, and joint manifestations with clinical response for PG, EN, aphthous stomatitis, [19] [20] [21] [22] [23] [24] and peripheral arthritis and AS, respectively. 19, 21, 25 The strongest evidence for efficacy of infliximab has been shown in PG management. 26 In addition, there is some evidence for the efficacy of adalimumab in patients with CD presenting with EIM. 27 The CARE study (Crohn's Treatment with Adalimumab: Patient Response to a Safety and Efficacy Study), an open label multicenter phase IIIb trial showed a significant decrease in the frequency of arthralgia, arthritis, oral aphthous ulcers, and EN at week 20. 28 In contrast, anti-TNF treatment for PSC is not recommended given the lack of evidence for clinical efficacy. If anti-TNF has to be used for underlying IBD activity, the course of PSC is influenced neither positively nor negatively. 29, 30 Current (limited) knowledge on anti-TNF efficacy has been nicely summarized by Peyrin-Biroulet et al recently. 31 However, because of significant variations between the analyzed studies (regarding study design, studied EIM, and study outcome) data have not been meta-analyzed.
Given this limited evidence for efficacy of anti-TNF treatment in IBD patients with EIM, we investigated the role of anti-TNF agents in the large nation-wide Swiss IBD Cohort Study (SIBDCS) and analyzed the influence of 3 available anti-TNF agents (infliximab, adalimumab, and certolizumab pegol) on the evolution of different EIMs.
METHODS

Patients
The SIBDCS is a nation-wide cohort study from all regions of Switzerland, which has been including patients with IBD meeting the diagnostic criteria according to the established guidelines. Enrollment started in 2006. The SIBDCS is supported by the Swiss National Science Foundation and is approved by the local ethics committees of the participating centers. The patients have to meet the following inclusion criteria: (1) written informed consent, (2) permanent residency status in Switzerland and/or coverage by a Swiss health insurance, (3) diagnosis of CD, UC, or IBD unclassified established at least 4 months before enrollment or at least 1 episode of symptom recurrence. Assessment includes a thorough clinical and laboratory analyses (including information about IBD diagnosis, clinical course, disease activity, surgery, medication, and EIM). A detailed questionnaire about IBD diagnosis, clinical course, and disease activity is completed by patients' treating physicians. Patient-reported outcome questionnaires are completed by each individual patient. Annual follow-up questionnaires are completed by both the responsible physicians and their patients.
Definition of EIM and Anti-TNF Outcome
All EIMs had to be diagnosed by a relevant specialist: Diagnosis of skin manifestations was established by a dermatologist, of joint affections by a rheumatologist, of eye manifestations by an ophthalmologist, and of PSC by a gastroenterologist. We analyzed the following EIM: peripheral arthritis, uveitis, PG, EN, aphthous stomatitis, AS, psoriasis, and PSC. Diagnosis of EIM relied on previously published criteria. 17 Evolution of EIM under anti-TNF treatment was judged according to the relevant specialist's global assessment that was based on patient history, clinical findings, and laboratory parameters (in the case of PSC). The course of a particular EIM under anti-TNF treatment was classified into the following 3 categories: clinical improvement, stable disease unaffected by anti-TNF, and clinical worsening.
Data Collection and Management
Data were entered into a Microsoft Access database (Access 2000; Microsoft Switzerland Ltd. Liab. Co., Wallisellen, Switzerland). All completed questionnaires were sent to the data center of the SIBDCS located at the Institute of Social and Preventive Medicine, University of Lausanne, Switzerland. All data were validated by the responsible data manager. Collected data consisted of 2 standardized questionnaires, one completed by the responsible physician, the other by each individual patient. The former included the following items: demographic characteristics, onset of symptoms, date of diagnosis, extent of disease, IBD family history, smoking status, results of laboratory tests, current therapy, and medical history. Furthermore, this questionnaire assessed past and present EIM. The latter questionnaire completed by each patient included the following items: patient demographics, IBD diagnosis, and current medications. Because information about appearance of EIM in relation to the time of IBD diagnosis and evolution of EIM under anti-TNF treatment was not captured by those standardized questionnaires, we further reviewed each individual's patient chart at the responsible IBD center to complete, together with the treating physician and the relevant specialist, an additional questionnaire, which included items on various characteristics of EIM and their evolution under anti-TNF treatment. All 1249 patients with IBD who were enrolled into the SIBDCS between January 2006 and March 2010 were eligible for this study. For outcome analysis, only those patients with both EIM and current or past anti-TNF treatment were included. EIMs were only taken into account if present at the time of anti-TNF treatment.
Statistical Analysis
For all statistical analyses, IBM software SPSS version 23.0.0 (2014 SPSS Science, Inc., Chicago, IL) was used. Metric data are shown as medians with their total range. Categorical data are summarized as the percentage of the group total. Comparisons between categorical data were performed using Chi-square test, or the Fisher's exact test in case of small sample size (n , 10). Multivariate logistic regression analysis regarding prediction of anti-TNF response was performed by first taking into account all covariates with a univariate P value of ,0.15, removing insignificant covariates, and then adding remaining covariates one by one, checking the model significance and consistency at each step. A 2-sided P value of ,0.05 was regarded as statistically significant.
RESULTS
Patient Demographics
Of the 1249 patients who were enrolled into the SIBDCS between January 2006 and March 2010, 366 (29.3%) suffered from at least 1 EIM that occurred either before or after the time of IBD diagnosis. Of those, 213 patients (58.2%) were ever treated with one or several anti-TNF agents, whereas 153 (41.8%) had never received these drugs. Patients with EIM were significantly 
Frequency and Types of EIM
Most of the 213 patients included in our analysis suffered from 1 EIM (122/213, 57.3%), whereas 30.5% of patients (65/ 213) had 2 EIMs, 4.7% (10/213) had 3 EIMs, and 3.3% (7/213) had 4 EIMs. The maximum number of EIMs was 5 (9/213, 4.2%). The most frequently reported EIMs were peripheral arthritis (161/ 213, 75.6%), aphthous stomatitis (50/213, 23.5%), and AS (46/ 213, 21.6%). Median duration from IBD to EIM was 4.4 years (217.7 to 34.2). A detailed overview over the different EIMs according to IBD subtype is provided in Table 2 .
Type of Anti-TNF Treatment and Treated EIM in the Study Population
One hundred forty-seven patients (69.0%) were treated with 1 TNF blocker, whereas in 46 patients 2 different TNF blockers were initiated successively (21.6%) and in the remaining 20 patients (9.4%) a total of 3 anti-TNF courses were started. Thus, a total of 299 anti-TNF therapies were initiated in these 213 patients with 355 EIM. Infliximab was used in 63.2% (n ¼ 189), adalimumab in 22.4% (n ¼ 67), and certolizumab pegol was used in 14.4% (n ¼ 43). CD patients with EIM were significantly more frequently treated with anti-TNF compared with patients with UC (165/248, 66.5% versus 40/105, 38.1%, P , 0.001). Anti-TNF agents were started in 49.3% of patients (n ¼ 105) to treat intestinal IBD activity, in 43.2% (n ¼ 92) of patients to treat EIM, and in 0.5% (n ¼ 1) of patients to treat both intestinal activity and EIM. In the remaining 15 patients (7.0%), the exact indication for anti-TNF treatment could not be identified. In 224 of the 299 anti-TNF treatments (74.9%), the underlying EIMs were recorded in detail: Among the most frequently reported were peripheral arthritis (158/224, 70.5%), aphthous stomatitis (32/224, 14.3%), AS (34/224, 15.2%), and uveitis (25/224, 11.2%). Further treated EIMs were PG (12/224, 5.4%), PSC (8/224, 3.6%), EN (10/224, 4.5%), and psoriasis (6/224, 2.7%). Order of frequency of treated EIM showed significant differences when those patients reporting EIM as an indication for anti-TNF treatment were compared with those reporting IBD as the underlying disease; PG and AS were more often treated when anti-TNF were initiated for EIM, whereas EN and stomatitis were more often treated when anti-TNF treatments were started for intestinal disease activity. No anti-TNF therapy was initiated to treat underlying PSC. For details see Figure 1 . As it is known that EIM can manifest under anti-TNF therapy, we analyzed their first presentation according to the time point of anti-TNF introduction. In 11 patients, a total 
Clinical Evolution of EIM Under Anti-TNF Treatment
We assessed the clinical evolution of EIM under anti-TNF treatment. In 71.8% (163/227) of all anti-TNF therapies, patients demonstrated a clinical improvement of the underlying EIM. In 26.4% (60/227), no response was observed, whereas in only 1.8% (4/227) a worsening of EIM was seen under anti-TNF treatment. For the remaining 72 anti-TNF treatments, the exact evolution of EIM could not be identified. Infliximab showed an improvement rate of 74%, adalimumab of 70%, and certolizumab pegol of 56%. The difference between intravenous (infliximab) and subcutaneous anti-TNF agents (adalimumab, certolizumab pegol) was only slight, and not statistically significant. For details see Figure 2 . Anti-TNF agent did not predict treatment outcome in a logistic regression model (see Supplementary X-axis shows individual EIM according to whether underlying EIM or IBD was treated. As some patients were treated for several EIMs, the sum may exceed 100%. Patients who were treated with anti-TNF for EIM had significantly more often AS and PG. In contrast, patients who received anti-TNF for intestinal disease activity more often had stomatitis and EN. No anti-TNF treatment was initiated to treat PSC. 
DISCUSSION
In this retrospective analysis of the Swiss IBD Cohort Study, we report on the use of anti-TNF agents in IBD patients with EIM in Switzerland and EIM evolution under such therapy. More than half of the patients presenting with EIM were treated with anti-TNF. The presence of EIM was significantly associated with the use of anti-TNF. In more than 40% of patients, anti-TNF treatments were started for the purpose of treating underlying EIM. Response rates to anti-TNF were generally good with overall improvement rates of more than 70%. Best response rates were seen for psoriasis, aphthous stomatitis, uveitis, and peripheral arthritis.
Peripheral arthritis was the most frequently observed EIM, which was treated with anti-TNF, followed by aphthous stomatitis, AS, uveitis, and skin manifestations (such as EN, PG, and psoriasis). The order of EIM frequency was consistent with a previous study from the SIBDCS, which analyzed the total frequency of EIM in the Swiss cohort. 10 Thus, the most frequent EIMs are also the ones which are most frequently treated with anti-TNF. Psoriasis for example, which is the least frequently occurring EIM in the Swiss cohort (1.5% according to Vavricka et al 10 ) , was also the least frequently anti-TNF-treated EIM. However, the low prevalence of psoriasis contrasts other EIM studies such as the one by Yates et al 32 who showed a prevalence of 11.2% in CD and 5.7% in patients with UC, respectively. Despite the limited evidence for anti-TNF agents in EIM management, anti-TNF treatments were started in more than 40% to treat underlying EIM rather than intestinal disease activity. When anti-TNF was started for EIM, order of frequency of treated EIM was significantly different compared with the condition, when therapy was initiated for IBD: PG and AS were significantly more often treated when anti-TNF was started for EIM, whereas anti-TNF therapy was rarely initiated for EN or stomatitis. This finding nicely illustrates the concept of IBD dependence of some, but not all EIMs. In addition, relative frequency of PG treatment is consistent with the fact that the evidence for infliximab's efficacy in EIM management is the strongest for PG. 26 No treatment was started for PSC, which may be due to very contradictory data hitherto. 33 Although there is some evidence to support anti-TNF treatment in peripheral arthritis, AS, and PG, 20, 26, 34 data for most EIM are limited and are partially based on small case series or reports of severe and difficult-to-treat patients. 21, 35, 36 Hence, our finding of an overall response rate of more than 70% advances our knowledge about the efficacy of anti-TNF. Anti-TNF outcome was best for psoriasis, aphthous stomatitis, uveitis, and peripheral arthritis in those patients who were treated for EIM rather than IBD. Response rates for uveitis and arthritis were comparable with those very recently published in a comprehensive review by Peyrin-Biroulet et al, although our study population relevantly exceeds the number of patients in the studied trials (response for uveitis 1/1 and 2/2, response for arthritis 19/31 and 8/10). Response rates for AS were slightly higher in the mentioned review (response for AS 5/7, response for inflammatory back pain 7/11), although our patient numbers again were higher. Response rates for stomatitis were comparable. If we look at all patients with stomatitis being treated with anti-TNF, our study population again relevantly exceeds patient number studied in the systematic review (3 versus 33) . 31 Excellent response rates for psoriasis are consistent with previous studies showing successful use of anti-TNF in psoriasis management. 37, 38 In contrast to the mentioned review by Peyrin-Biroulet, where no or only minimal evidence for other biological agents such as certolizumab was found, we herein report on 43 cases treated with certolizumab pegol showing good clinical response rates, which were not significantly different from those of infliximab or adalimumab.
Our study has several strengths and some limitations as well. With 213 patients receiving a total of 299 anti-TNF treatments for 355 EIM, it represents one of the largest analyses of EIM management. Questionnaires evaluating EIM and anti-TNF treatment outcome were physician and patient based and therefore less prone to underreporting. However, we used a retrospective uncontrolled, noninterventional study design, which limits interpretation of treatment outcome. Assessment of anti-TNF outcome was not standardized and based on physician's interpretation of patient history, clinical findings, and laboratory parameters (in the case of PSC) only. Furthermore, as the SIBDCS is not strictly population based, a selection bias may be present. A clear limitation of our analysis is that we did not include psoriasiform anti-TNFassociated skin lesions, which is now a frequently reported phenomenon. 39 However, we included many patients with enrollment and anti-TNF treatment before 2009; at that time, anti-TNFinduced psoriasiform skin lesions were believed to be an extremely rare event. 40 In addition, only 13 cases have been identified at the University Hospital Zurich between 2007 and 2013. 41 The single case of psoriasis under anti-TNF treatment in our analysis is rather a coincidence than a misinterpreted anti-TNF-induced skin lesion given the fact that improvement was observed with continuation of anti-TNF treatment. Because of the retrospective nature, it was not possible to clearly distinguish the 14 EIMs that occurred under anti-TNF treatment from anti-TNF side effects. Neither antidrug antibodies nor drug levels were checked in these patients. Furthermore, a nonnegligible proportion of patients received concomitant immunomodulators or steroids, so there may be an additional effect. However, similar results were seen, when those patients with concomitant therapy were excluded from analysis. In addition, concomitant immunosuppressive treatment did not predict anti-TNF outcome in logistic regression model.
In conclusion, anti-TNF agents were frequently used in patients with EIM and were started in more than 40% to treat EIM rather than IBD. Given the good response rates, the anti-TNF agents such as infliximab, adalimumab, and certolizumab pegol seem to be a valuable option in the treatment of EIM, whereas appearance of EIM as a side effect does not seem to be a source of considerable concern. In any case, to clearly establish the role of TNF inhibitors for treatment of EIM, randomized controlled trials are needed.
